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OEflEPAJlbHAfl CriVTKBA 
no MHTEJinEKTyAJlbHOM COECTBEHHOCTH, 
flATEHTAM H TOBAPHbIM 3HAKAM 



(12)OnMCAHME H30EPETEHI/lfl K FIATEHTY POCCMMCKOM OEflEPAlJUH 

CTaTyc: no flaHHbiM Ha 13.11.2007 - npeKpamxi flewcTBMe 



(21) 3a*BKa: 96110601/25 (71) 3anBMTe/ib(n): 3aKpbrroe aiajMOHepHoe o6mecTBO 

(22) AaTa noAaMH saflBKM: 1996.06.05 TexHO-TM" 

(45) Ony6jiMKOBaHO 1997.12.20 < 73 > naTeHTOo67iaAaTe/ib<M): 3aK P biToe aiajMOHepHoe 

o6mecTBo "TexHO-TM" 

(56) CnncoK AOKyMeHTOB, miTMpOBaHHbix b OTMeTe o nowcxe: 1. US, naTem*, 
4935303, xn. B 32 B 9/00, 1990. 2. US, naTeHT, 5427827, xn. B 05 D 3/06, 
1995. 

(54) nOKPblTME HA OCHOBE AJ1MA30riOflOBHOrO MATEPMAJIA M CnOCOB ETO 
nOJlYHEHMfl 

Mcnojib30BaHne: no/iyneHne MaTepwa/iOB f\nn mmkdo- m om-oanexTpoHMKM. CymHOCTb M3o6peTeHMa: b CBM-ycraHOBKy c SLJP-paspHAOM noMemaraT 
noA^OKKy, oTxaMMBawT ao 2»10~ 3 na. noAawT AwxnopMeTaH linn Apyroft ranoreHCOAeprcamMM yrneBOAOpOA. 3ax<MraKrr CBH-pa3p*A- nepeMemaxxr 
noAJic»KKy M3 30Hbi 3LJP. noKpbiTue na ocHOBe a/iMa3onoAo6Horo MaTepnana c awiopcfrHOM crpyxTypoii xapaKTepM3yeTCfl cneAytomMMM noKa3aTennMM: nwKn 
b cneicrpe KOMOMHauMOHHoro paccenHun 1317 cm" 1 h 1570 cm" 1 c coothohigh vtewi MHTeHCMBHOCTefc, cooTBeTCTByioinMM HajinHMK) He Menee 45% SP 3 - 

ni6pHAM3MpoBaHHoro yrnepoAa, xapaxTepHoro A<n« anMa3HOM 0a3bi, nnoTHOcrb He iwieHee 2900 kt/m 3 , oTcyrcTBMe nponycKaHwn b bhahmom oonacTM 
cneiapa m npo3paMHOCTb s AMana30He rswh bojih 2-25 mkm. 2 c. m 1 3.n.4>-Jibi, 2 Mn. 

OnMCAHUE H30EPETEHH5I 



npeA^araeMoe MSoepeTeHne othocmtc* k yrnepoAHbtM axiMa3onoAo6HWM noKpbrrviaM m cnocooaM mx nonyMeHMA viz Bbicoicopa3pe>KeHHOM wia3Mbi 
CBepxBWCOKOMacTOTHoro (CBM) paspflAa b pexwvie a/ieinpoHHO-LtfiKnoTpoHHoro pe30HaHca (3i\P). Oho MorceT 6bm> ncno/ib30BaHO b pasnMMHbix OTpacnax 

MMKpOaneKTpOHMKH 11 OnT03JieKTpOHHKM. 

AnMa3onoAo6Hbie nnenm (Ann), bo mhotox c/iyMaax coflep^Kaaine BK/ifoneHun anM33HOM 4>a3bi, Haxc-AflT b HacTonmee BpeMA n pa ktmh ecxoe npuMeneHwe 
6naroAapH cbomm, b nepByio OMepeAb, MexaHMMecxMM cbomctbbm m onTMMecKMM xapaKTepHCTMKaM: TBepAOCTM, m3hococtomkocth, HW3KOMy K03cjxt>MijMeHTy 
TpeHkm no OTHOweHMK) k SonbumHCTBy KOHCTpyKMMOHHbix MaTepnanoB, bwcokom Ten/ionpoBOAHOCTM, Ma/iOMy nornomeHMK) b bmammom o6/iacTM cneiapa m 
BbicoKOMy KoactxJWMiieHTy npenoMneHMfl. B pasnMMHbix BapnaHTax npaKTvmecicoro npMMeHeHM* Ann nocneAHne BbicTynaxrr jimoo b KaMecTBe cpeAw a^* 
peann3auMM Heo6xoAMMbix aneMeHTOB CTpyKTyp m ycTpoMCTB mmkdo- m onToaneinpoHMKii, jim6o ksk nOKpbiTMH pa3nMMHoro Ha3HaMeHM*: samwTHbie, 
TennooTBOAHLAwe, AeKopaTMBHwe m t. n. npMMeHeHMe a/iMa3onoAo6HbJX nneHOK b MUKposnexTpoHMKe n onToajieicTpOHMKe HaicnaAbiBaeT oco6ue 

TpeOOBaHHA K MX 3neKTpo4)H3HMeCKHM CBOHCTBaM M OnTMKO-3neKTpMMeCKMM napaMeTpaM! 3/ieXTDOHHOM 3MMCCHH, OnTMMeCKMM CBOHCTBBM, 

nK)MMHeci4eHL(MH, 3/ieKTponpoBOAHocTM, LunpMHe 3anpeii4eHHOH soHbi. Peiuawmee 3HaneHne Ann 0opMHpoaaHM$i CTpyicryp Ha ocHOBe anMa3onoAo6Hbix 
nneHOK MMeeT creneHb vix koh0opmhoctm (o6ecneHHBaK)iiieM TOHHoe noBTOpeHne MviKpope/ibe^ noAno^cxM) m B03MoxcHOCTb ynpaaneHvin ochobhumm 
paooMMMM napawieTpaMM iwaTepwana 6e3 ncnonb30BaHM« Apyrwx MaTepwanOB (nerMposaHMfl, MeTan/iM3ai4MM m t. a ) m cnoxHbix rexHO/tomMecKnx 
onepaunH (TaKiix, xax MOHHan MMn/iaHTauvifl, MoneKynnpHO-JiyMeBan 3nnTaKCM«, BaKyyMHoe HanbineHwe v\ T.n.)- He MeHee BaxcHOM o6/iacrbio npuMeHeHiwi 
Ann ABnaeTCfl mx Mcno/ib30BaHne b KanecTBe 3amMTHbix noKpwTMM onTMMecKnx ycrpoMCTB, pa6oTaroii|Mx b paanMMHbw AMana30Hax aneirrpoMarHMTHoro 
nanyHeHMS, mto npeAnonaraeT cneuMctJUHecKMe TpeooBaHun k orrrMHecKUM cBO^CTBaM MaiepMajia b pacoMeti oonacrvi cneicrpa, b MacTHOCTM, HanpwMep, b 
MH^paicpacHOM (MK) A^ana30He. 

Vl3BecTHbj MHoroHMcneHHbie Tunw Ann pa3nnHHoro icaMecrBa m cocraBa [1-3] omMMaiomMecfl Me»Ay coco* no 0M3WMecKMM CBOMCTBaM b uimdokmx 
npeAenax, e 3aBncnMocTn ot ncno/ib3yeMoro BapwaHTa oca>KAeHMJi yrnepoAa Ha TBepAyw noAno)KKy. XapaxrepHbiMM ocooeHHOcrflMii stmx nneHOK 
flBHfliOTCfl: nnoTHOcrb ot 1500 ao 2800 ki7m 3 OTcyrcTBiie b Marepviajie noKpbiTMn BbipaxceHHOM KpMCTannMHeacoM CTpyiaypbi (crpyKTypbi Aanbnero 
nopflAKa), cna6an <Jx>to- m KaTOAoniOMMHecueHmifi, a Taiwe HeKOM(}x)pMHOCTb, npuBOA^iAan k cornaJKMBaHMio MHKpopenbe4?a nosepxHocTM noAnowKM. 

Hawoonee 6mzKVtr* k npeAnaraeMOMy HB/iHeTCfl noKpbiTMe Ha ocHOBe anMa3onoAo6Horo MaTepwana c aMop<{)HOM crpyKTypoii, coAepjKamero BxnicmeHMa 
anMa3How 0a3w m He 6onee 20 aT. BOAopoAa, nonyMeHHoe mctoaom ra30c})a3Horo nna3MOxviMHMecKoro oca>KAeHMq M3 CBM-paspnua b pe)KMMe 3MP [4] K 
HeAocraTKaM AaHHoro noKpbiTM« cneAyeT OTHecTM to, mto npw oTHOcviTenbHOM npo3paMHOCTM MaTepwana noKpbiTMR b bmammom o6nacTM cneKTpa 
nomomeHvie b HK-A^ana30He BecbMa 3HannTenbH0 n-3a Han mm ma npMMecM BOAopoAa. 

CBOMCTBa m KaMecTBO nonyMaeMbix nneHOK b pemaraineM CTeneHM onpeAerwiOTCH ycnoBMHMM mx nonyMeHMn, nosTOwiy Bonpoc Bbioopa cnoco6a nonyMeHMH 
ymepOAHOro noKpwTMfl flBnaeTcn HeorbeM/ieMbtM KOMnoneHTOM peiueHMn npo6neiuibi co3AaHMfl noKpbiTMfl c 3aABHHbiMM qbM3MMeaci4MM CBOMCTBaMM. 

M3BecTHbi cnocoSbi oca>KAeHMq Ann M3 onasMw sneKTpMMecKoro pa3p«Aa pa3nMMHoro TMna, b tom MMcne m ms nna3MW CBM-pasp^Aa b pexcMMe 3 UP [5-7] 
fln« stmx cnocoooB xapaxrepHbi pacnonoweHMe noA/io>KKM 8 axTMBHOM sone pasp^Aa (30He 3MP), noAaMa aneKTpMMeCKoro CMeuieHMfl Ha noAno>KKy m 
pacoMee AaBneHwe ot 1 ao 2000 na, a Tarae BbicoKan TewinepaTypa noAnoxxM (ot 300 ao 700°C), mto cymeCTBeHHO orpaHMMMBaeT Kpyr MaTepiia/iOB, 
Mcnonb3yeMbix b KaMecTBe ochobu An« HaneceHMn noKpbiTMM. 3tm orpaHMMeHMfl CBHsaHbi b nepByw OMepeAb c TepMMMecKOM HecTa6nnbHOCTbK) mhowx 
MaTepManoB b yxasaHHOM Awana30He TeMnepaTyp, a TaioKe c npaiwwM B03AeMCTBMeM HepaBHOBecHOM nnasMbi 3ktmbhom 30hw pa3pflAa Ha noBepXHOCTb 
noAno)KKM m 4>opMMpyeMoe noKpbiTMe. 

HaM6onee 6/ih3kmm k npeAnaraeMOMy cnocoGy nonyMeHMA noKpwTMn nBn«eTCfl MeTOA ocaoKAeHMJi anMa3onoAo6Horo yrnepoAa M3 nna3Mbi CBM-pa3p«Aa b 
pe>KMMe 3MP [8] npM kotodom noAno>KKa BbmocwTcn M3 30hw B03AeMCTBMfl aKTMBHOM nna3Mbi. 3to CHMMaeT caMbiM cymecTBeHHbiii HeAOcraTOK 
oonbiuMHCTBa cnoco6oB nonyMeHMJi Ann, ho npn stom Tpe6yeTC« AononHMTenbHan 3Hepnia noAaBaeMan b BMAe BbicoxoMacTOTHoro Hanpj»KeHMn Ha 
noA/io>KKy. nna3Ma cosAaeTCfl b o6nacTM BbinonHeHMn ycnoBMfl s/^eiapoHHO-LiMKnoTpOHHoro pe30Hanca 3a CMeT B3aMMOAeMCTBM« CBM-M3nyMeHM« c 
MoneKynaMM McxoAHOro nna3Moo6pa3yioinero ra3a BOAopoAa, naAasaeMoro HenocpeACTBeHHO b axTMBHyro 30Hy (30Hy 3MP). yrnepOACOAepJKamMii 
KOMnoHeHT noAaeTCP b 30Hy npeABapMTenbHO cqbopMMpoBaHHoro npM npoxojKAeHMM Mepe3 30Hy 3L4P noToica aroMOB, mohob m 3/iexrpoHOB- 3a cmct 
BTOpMMHbix npoueccoB AMCCOi4MaL(MM m M0HM33I4MM yrnepoACOAep>KainMe MoneKynw pacnaAawTcn m MOHM3MpyK)TCfl. noTOK axrviBHbix MacTMU 3a cmct stoto 
bOoramaeTcn yrnepoAOM, kotopwm m o6pa3yeT Ann npM oca>KAeHiiM na noA-nowicy. MeTOA qbopMMpOBaHMq noTOKa nna3Mw no 3TOMy cnoco6y Tpe6yeT 
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ncnojib30BaHMfl BOAOpofla, a b KaMecTBe yrnepOAcoAepacamero KOiuinoHeHTa mcxoahom ra30BOM ciwecM npMMeHniOTcn ra30o6pa3Hbie yrneBOAOpOAbi: mqtbh, 
nponaH, sqeTMneH, e pe3ynbraTe Mero yrnepoAHbiM MaTepMsn noKpwTMn OK33biBaeTcn cymecTBeHHO rviAporeHM3MpoBaHHbiM (ao 20% BOAOpOAa). B ashhom 
cnynae baopoa BwcrynaeT He b KanecTBe npuMecw k yrjiepoAy. a HsnpoTMB, ocnoBHoe BemecTBO MaTepnana noKpuTMn npeACTSB/ineT cooom xMMMMeacoe 
ooeAMHeHwe ymepOAa c boaopoaom nepeMeHMoro cocraBa. 

M3no>KeHHoe AaeT ocno&aHMe CAenaTb bwboa o tom, mto M3BecTHbie Ann He snonne yAOBneTBOpnioT npeAbnBnneMbiM MMKpoaneKTpOHMKOM m 
onToa/ieiapoHMKOM Tpeoc-BSHMnM, a M3BecTHwe cnocoobt oca>KAeHMq He no3BonnKrr nonyMaTb npM hmskom TeiwnepaType noKpbrrvw hs ochobc 
a/iMa3onoAo6Horo MaTepwa/ia, He coAepwamero BOAOpOAa. 

M3o6peTeHne peiuaeT 3aAawy c03AaHi>m TaKoro noKpbmin Ha ocHoee anMa3onoA06Horo MaTepMana c aMOp<J>Mo£i crpyKTypOM, KOTopoe, oSnaAan 
xapaiaepHbiMM Ann Ann bucokmmm TBepAOcrbio h nnoTHocrbio, npoapanHo b MK-AMana30He h He nponycKaeT bmammoto ceeTa. 

3to AOcrnraeTCfl TeM, mto npeAnaraeTcn noKpwTwe Ha ocHOBe ariMa3onoAo6Horo MaTepMana c aMop<t)HOM CTpyKrypOM, coAepacamero BioiioMeHMn 
anMa3HOii (f>a3w, b kotopom anMa3onoAo6HbiM wiaTepnan npeACTaanneT cooom MHCTbiM yrnepOA, T.e. MHAMBMAyanbHoe npocroe BemecrBO. npeAxiaraeMoe 
noicpbiTue o6/iaAaeT bwcokom TBepAOCTbK) m nnocTHOcrbfo, npaKTvmecxvi Henpo3paMHo Ann ceeTa bmammoto AMana30Ha, a b MK-AMana30He He 
o6Hapy)KMBaeT 3HaMMTenbHoro nornoiqeHMn b oonacTM a^mh BOnH ot 2 ao 25 mkm. 

ApyrwM o6t>eKTOM M3o6peTeH m n nanneren cnoco6 nonyweHMJi noicpbiTMn Ha ocHOBe anMa3onoflo5Horo MaTepMana, BKniOMaiomMM nna3MOXMMMMea<oe 
oca*AeHMe yrnepoAa Ha noAnojKKy M3 noTOKa yrnepoAcoAepwamMx aKTMBHbix m3ctml4 (paAMKanOB, aTOMOB, mohob), C03AaBaeMora M3 mcxoahwx 
ymepOACOAeprcainMx peareHTos c noMOinbio CBH-pa3p*Aa b percMMe aneinpoHHo-UMKnoTpOHHoro pe30HaHca. npM stom noAnoacicy BbiHOCfrr M3 30hw 
BoaAeMCTBMfl aKTMBHOM nna3Mbi, a oca)KAeHMe BeAyT, Mcnonb3yn b KaMecTBe mcxqahoto pearem-a napu mmctux yrneBOAOpOAOB, Moneicynbi KOTopbix 
coAep)KaT aTOMw xmmmmbckmx a/iewieHTOB c bwcokom 3neKTpooTpMuaTenbHOCTbK> (KMcnopoAa, xnopa m T.n.). 

CymHOCTb M3o6peTeHM« 3aKn>oMaeTcn a cneAywiqeM. 

Cnocoo* BK/iKwaeT HaHeceHMe yrnepoAHOM n/teHKM M3 nna3M« CBM-pa3pnAa b pe>KMMe 3qp 3a cweT nna3MeHHoro pasnoaceHMn napoB yrneBOAopoAOB, 
coAepaomMX yrnepoA. boaodoa m aneKTpooTpMuaTenbHbie KOMnoHeHTu, npM AaBneHMnx b paooMefi Kaiwepe, He npeBbiiuaioiMMx 1 na, Ha noAno>KKy, 
pacno/ioxeHHyio BHe sohw 3l\P. npM fuioTHOcrnx noTOKa CBM-moimhoctm ot 2 ao 50 kBt/m 2 (b TpaA ml^mohho Mcno/ib3yeMbix eAMHMuax ot 0,2 ao 5 Bt/cm 2 ). 
PejKMM 3l\P AOCTMraeTCfl b njia3Me CBH-M3/iyMeHM5i m3ctotom 2,45 rru b Tex tomk3x, rAe MamMTHan MHAyw4MR cocraBnfleT 875 Tc, MacroTa uMpKy/ifiMMM 
aneicrpOHa BOKpyr HanpasneHMR MarHMTHoro rwa coBnaAaeT c MacroTOM CBM-M3/iyMeHMfl, BcneACTBMe nero a/iempoHbi HaMMHaiOT pa3roHjrrbCfl ao 
CBepxrepMMHecKMX aneprMM. 3to m ecrb ycnoBMfl bo3hmkhob6hmh 3JieKTpOHHO-t4MKnoTpoHHoro pe30HaHca. Tpe6yeMafl KOH^MrypauMA MarHMTHoro no/ifl 
co3AaeTcn nyreM nowiemeHMfl CBM-so/iHOBOAa (oh )Ke flanneTcn nna3MOTpoHOM) BHyTpb cneuMa^bHO paccMMTaHHoro coneHOMAa. no/iOKeHMe 30hu, a/i» 
kotopom Bbino/iH^eTCfl ycnoBMe B03HMKHOBeHMn 3I4P, onpeAenseTCfl napaMeTpaMM co/ienOMAa m KOHTpo/iMpyeTCfl HenocpeACTBeHHWMM M3MepeHMAMM 
MarHMTHOM MHAyicuMM npM HanaAKe TexHo/ionmecKOH Kawepw. acfxpeicrM bhoto MHHLpiMpo&aHMn CBM-pa3p«Aa Heo6xQAMMO. mto6w 30Ha 314P 
coBnaAana c nyMHOCTbra CTOflMeM aneicrpOMarHMTHOM bo^hw. PasMemeHMe noA-noxocM b 30He 3i\P M3MeH*eT ycnoBMH ropeHMn pa3p«Aa. KpoMe toto, b 

30He 314P B03HMKaeT 06naCTb aKTMBHOM n/ia3Mbl C BWCOKOSHepreTMHHOM SJieiCTpOHHOM KOMnOHeHTOM, B3aMMOAeMCTBMe KOTODOM C nOBepXHOCTbK) nOA/10>KKM 

cyaiecTBeHHo CHM)KaeT cxopocTb pocra yrnepoAHOM nneHKM m pe3ra M3MeHaeT ee CBOMCTBa. nosTOMy noAJio>Kicy bwhocjit ms 30HW 3L(P. 

riOAoSHoe npocTpaHCTBeHHoe pa3AejieHMe sohw n/ia3Moo6pa30BaHnq (B036y>KAeHMa, pa3/io>KeHna m mohm33I4mm ra3a) m oo/iacTM 0opMMpoBaHMn 
noKpbmwi ycrpaHneT npqiwoe bo3a ewcTB m e BbicoKoaHepreTMMHoii sneicrpOHHOM KOMnoHeHTbi Ha noBepxHocTb noA^OJKKM m (JxjpMMpyeMoro noKpbiTM« m 
3ainMiuaeT noA/io>KKy ot MHTeHCMBHoro aJieinpoMamMTHoro ManyneHMfl (3a cxeT axpaHMpOBaHMfl noA/io>KKM 30hom pa3p«Aa). YBe/iMMeHMe paccroflHM« 

nOA/KWKKM OT 30HW 3i\P fipMBOAMT K BbipaBHMBaHMIO DaAMa/lbHbJX TpaAMeHTOB nOTOKa K MOMeHTy B3aMM0AeMCTBMfl aKTMBHblX HaCTMLJ C ee nOBepXHOCTblO M 

CHkDKeHMK) TeMnepaTypbi noRnomw b np04ecce HaneceHMfl nneHKM. npM 3tom, oah3ko, cxopocTb poena nneHKM yMeHbiuaeTCfl BC/ieACTBHe pe/iaKcauMM 

aKTMBHblX MaCTMM K3K Ha CTCHKaX peaKTOpa, TaK M npM B33MMHblX COyAapeHMflX AO AOCnOKeHMfl nOBepXHOCTM nOAnOXCKM. npMCyTCTBMe B MCXOAHblX 

peareHTax KOMnoHeHTOB, CQAep>KamMx aTOMW aKTMBHbix HeMeTa/inoB (xm m MMecKMx a/ieMeHTOB c bwcokom sneKTpooTp m uaTen bHocrb io) , npMBOAMT k 
pe3KOMy naAeHMto KOHqeHTpaMMM CBo6oAHbix aneinpOHOB, mto cnocoocTByeT ocajKAeHMio KaMecTBeHHOM koh0opmhom yrnepoAHOM nneHKM. PaccroHHMe ot 
3ohw 3I4P, Ha kotodom Aon>KHa 6biTb pa3MemeHa noAnojKxa Ann nonyneHMH 3aAaHHoro pe>KMMa ocawAeHMH yrnepoAa, 33bmcmt ot nMHeMHOM ckodoctm 
noTOica aKTMBHbix qacTMM m KMHeTMKM penaKcaqMOHHbix npOMeccOB. OnpeAeneHMe stoto paccrojiHMfl b o6aieM cnynae Tpe6yeT peuieHMn cno)KHOM 
KMHeTMMecKOM 33AaMM c yneTOM npoueccoB AM(|xJjy3MM peareHTOB b paAManbHOM nanpasneHMM, peKOM6MHauMM aKTMBHbix Macmu b o6"beMe m 
npMHyAMTenbHoro MacconepeHOca b HanpasneHHOM noTOKe aKTMBHbix MacTMq ot 30Hbi 3L4P k noA^o>KKe. Ba*HO, OAHaKO. mto cnaA ckopoctm pocra nneHKM 
conpOBOttAaeTCfl noBbiiueHMe pasHOMepHOCTM ee oca^AeHMH m doctom koh<}x)pmhoctm. npaMbie onbiTw noica3anM, mto npM Mcnonb30BaHMM hm3kmx 
AaaneHMM (0,01-1 na) paccTOHHMe noAnoxKM ot 30hw 3I4P MorceT AocrMraTb Aec«TKOB ca htm MeTpOB, TeM He MeHee nneHKa pacrreT c 3aMeTHoii 

CKODOCTbK). 

OnMcaHHbiM cnoco6 co3AaHM« noTOKa aKTMBHbix qacTMu no3BonaeT Mcnonb30BaTb b KaMecree mcxoahoto pearema napw pa3nMMHbix yrnesoAopoAOB. C 
TeM, MTo6bi M36e)KaTb rMAPoreHMsaqmi MaTepMana yrnepOAHoro noKpwTMfl, Heo6xoAMMo npMcyrcTBMe b nna3Me stomob xmmmh6Ckmx aneMeHTOB c bwcokom 
3neKTpooTpMuaTenbHOCTbK>, cnoco6Hbix actxperrMBHO xmmmhbckm CB*3biBaTb boaodoa. Ann peLueHna nocraBneHHOM 33AaMH hqmm npMMeHeHbi paanMMHbie 
xnopMpoaaHHbie yrneBOAopoAbi. ycraHOBneHO, mto npM Mcnonb30BaHMM (xm m mm ecxafl cjiopMyjia CH2CI2) yAaeTC« nonyMMTb anMa3onoAo6HWM yrnepOAHWM 
MaTepMan, He C0Aep?«au4MM BOAOpOAa. 

flonyMeHHbie onMcaHHbiM cnoco6oM noxpbiTMn MccneAOBaHbi MeTOAaMM paMaHOBCxoH cneirrpocKonMM m MH<t>paKpacHOM cneKTpocxonMM c Mcnonb30BaHMeM 
MeTOAa Oypbe (Oypbe-HK-cneKTpocKonMM). 

Ha 4>Mr.1 npeACTasneH cnetcrp KOM6MHauMOHHoro pacce^HMJi (paMaHOBCKMM cneicrp) nOKpuTMH, nonyMeHHoro no onMcaHHoii TexnonorMM npM AaaneHMM 0,3 
na H3 nna3Mbi napOB AMxnopMeTaHa. B cnetrrpe Ha6ntOAaeTCfl xapaxTepnan Ann Ann nonoca npM 1570 cm" 1 , ho nponanneTCfl m nMK npM 1317 cm" 1 . 

HsBecTHO, A-nn mmctoto an Ma 3a xapaicrepeH nMK paMaHOBCKoro paccepHMn npM 1 332 cm -1 , opMeHTMpoBaHHbiM rpa<t>MT (G-rpa0MT) AaeT nonocy npM 1 380 

1 3 
cm . npMBeAeHHbie AaHHbie KaMecTBeHHo AOKa3WBaioT HanMHMe sp -rvi6pnAH30BaHHoro yrnepoAa (xapairrepHoro Ann anMa3HOM qbasw) b nonyMeHHOM 

MaTepMane yrnepOAHoro noKpuTMn. OueHMBaTb cooTHOiueHMe KonMnecTB "anMa3Horo m HeanMa3Horo yrnepOAa w no paManoecKMM cneiapaM Ann M3 

cooTHOUjeHMft nMKOB npM 1317 m 1570 cm" 1 , KaK sto 3aMacryio AenaeTC« b nMTepaType, He BnonHe KoppeKTHo b cMny 4>M3MMecKMx npMMMH AMCKyccMOHHoro 
xapaiaepa, KOTOpwe 3Aecb noAPOOHo o6cy>KAaTb He npeAcraanfleTCfl bo3mo>khnm. CooTHOiueHMe, KOTopoe nonyMaeTCfl M3 AaHHbix 4>mi\ 1 , noKa3biBaeT, mto 

npoueHT sp 3 -rM6pMAM3OBaHH0ro yrnepoAa b MaTepMane noKpwTMfl cocTaanneT He MeHee 45% OAHaKO, stot npoqeHT He ABnjieTCfl OAH03HanHbiM 
noica3aTeneM KOHueHTpauMM anMa3HOM 0a3bi: TOMHoe ee 3HaMeHMe 3tmm cnoco6oM onpeAenMTb hgbo3mo)kho. 

CocraB nonynaeMoro yrnepOAHoro noKpwTMfl KOHTponMpOBancn mctoaom Oypbe-MK-cneKTpocKonMM. CooTBeTCTByioiMMe cnexTpw npMBeAeHw Ha 4>Mr.2. 
ripeAcraBneH yMacroK cneicrpa, b kotopom pacnonaraiOTcq no/iocbi nornou4eHM5i ochobhwx c|>yHKi4MOHanbHbix rpynn, coAepwaiuMXC* b MaTepMane 
yrnepOAHoro noKpwTMn. fla H Hbie noKaswBaHjT, mto b nonyMaeMbix M3 AMxnopMeTana nOKpwTM«x. b OTnMMMe ot TMnMMHbix Ann, OTcyTCTsyjoT 
(f>yHKUMOHanbHbie rpynnw CH2, CO m OH, mto npMBOAMT k OTcyTCTBMK) 3aMeTHOro nomoiiieHMH b Anana30He ot 2 ao 25 mkm, TpaAMUMOHHO Mcnonb3yeMOMy 
Ann ABTeKTMpoBaHMft HK-MsnyMeHMfl. nponycKaHMe b bmammom o6nacTM n pa ktmm ecKM oTcyrcTByeT, noaTOMy nonyMaeMoe noKpbmie mokho ycnoBHO 
na3BaTb sepHbiM. rpaBMMeTpMMecKMe MSMepeHMn noK33anM, mto nnoTHOCTb anM33pnoAo6Horo MaTepnana nonyMseMoro noKpbrrMn cocTSBnneT oKono 2900 

Kr/M 3 (rpa(j3MT MMeeT nnoTHOCTb 2150 kt/m 3 , anMas 3300 kh/m 3 ). M3MepeHMfi TBepAOCTM yrnepOAHbix noKpbiTMM ocnojKHeHbi TeM, mto ohm MMeiOT 
HeAOCTSTOHHO xopoaiyK) 3ATO3MK) k oonbujMHCTBy KOHCTpyKUMOHHbix M3TepM3noB. HaM yAanocb, Mcnonb3yn cneuManbHwe MeTOAw ynyHiueHMH aAre3MM, He 
fiBnniomMecji npeAMeTOM onMCWBseMoro M3o6peTeHMH, nony^MTb AaHHbie no npOMHocTHbiM xapaKTepucTMKaM HaHeceHHbix noKpbiTMM npM MexaHMMecKOM 
Harpy)KeHMM. MeTOA no3BonaeT oqeHMTb hm>khk»o rpsHMqy BenMMMHbi TBepAOCTM MaTepnana noKpbiTMM, onpeAenneMyio MexaHMMecKOM npOMHOCTbio 
noAnoxcKM. nonyMeHHwe Ann noKpwTMM hs TBepAOcnnasHbix MaTepMansx AaHHbie CBMAeTenbCTByiOT o tom, mto TBepAocrb noKpwTMn, nonyMaeMoro 
onMCbiBaeMbiM cnocoooM M3 CBM-p33pnA3 b pe>KMMe 3LJP hs ocHOBe anMa3onoAo6Horo MaTepnana, npeBuiuaeT 25 ma. 

3KcnepMMeHT3nbH3« npoBepK3 M3o6peTeHM« npoBOAMnscb nyieM HaHeceHMn anM33onoAo6Horo yrnepOAHoro noKpbiTMH H3 KpeMHMeByio noAno)KKy c 
Mcnonb30B3HMeM CBM-nna3MOXMMMMeCKOM ycrsHOBKM c 3qP-p33pnAOM [8] 

riOAno)KK3 33Kpennnn3Cb hs noABM)KHOM noAnoKKOAepNcsTene, o6ecneMMBaK)meM oceBoe nepeMemeHMe noAnawcM b npeAenax TexHOnontMecKoro 

o6teMa ycrdHOBKM. ycT3HOBK3 repMeTM3MpoB3nscb m OTKSMMBanacb ao AaBneHwfl 2o10" 3 ns. B CMCTeMy noA3Bancfl psooMMM r33 nspbi AMxnopMeTaHa c 

tskmm D3CX0A0M, MTo6bi o6ecneMMBanocb AaBneHne 0,3 na npM nocronHHOM ckoooctm otk3mkm. 3tmm co3A3B3nMCb ycnoBM* Ann opraHM33L(MM 
H3npaBneHHoro noTOKa msctmm Mepea 30Hy 3I4P k noAno)KKe m A3nee k CMcreMe otksmkm. 3 a TeM 3a)KMranM CBH-p33pnA- nepeMemeHMeM 
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nonyvieHHoe noKpwTue Ha ocHOBe anM33onoAo6Horo MaTepnana noAseprnyTO xvt m mm ecKo My aHann3y. MeTOA Oypbe-MK-cneicTpooconMH noKa3a/i, mto 
Marepnan noKpbrrnq n pa KTWMeCKM He conepmvn hh BOAOpOAa, hm KHC/iopoAa, npeACTaBnaa cooofi xmmmh6Ckh MHAMBMAyanbHoe npocroe BewecTBo: micrbivt 
yr/iepoA- nneHica npo3paMHa b HK-Awana30He aneicrpoMarHMTHoro w3nyMeHnsi ot 2 ao 25 mkm, m nonocbi nomomeHMH, xapaiaepHbie An* npwMecew 
BOAOpOAa m KMCnopoAa, OTcyrcTBywT (cj>vir.2). 
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OOPMYJIA H30EPETEHM* 

1. noKpbrrne na ocnoBe a/iMa3onoAo6Horo MaTepwana c aMop$Hoii crpyKTypoM, coAeprcamero BwiiweHMn anMasHoii 4>a3bi, OTnMMaiomeecfl TeM, mto oho 

xapaKTepM3yeTC5i nwcaMM 1317 cm" 1 h 1570 cm" 1 b cneKTpe KOM6MHau.MOHHOro pacceflHMfl c cooTHOiueHMeM MHTeHCM BHOCTew , cooTBeTCTBy io m m m hcuimmhkj 

He MeHee 45% sp 3 -rw6pMAM3Mpo8aHHoro ymepoAa, xapaicrepHoro aih artMa3Hofi 0a3w, nnoTHoCTbK) He MeHee 2900 kt/m 3 , a Taiwce OTcyrcTBMeM 
nponycKaHMH b bmahmom ooriacTM cneiapa h npo3paMHOCTbK> b Anana30He ajimh Bonn 2 25 mkm. 

2. CnocoC no/iyseHMfl noKpbiTMfl Ha ocHOBe a/iMasonoAOOHoro MaTepwana, BiuuOMaKMMHM ruia3MoxviMMHectcoe oca>KAeHMe yrnepofla ms noToica 
yrnepoACOAepjicatuMx aKTMBHwx Macrou, 4x>pMMpyeMoro b ruia3Me CBH-pasprwa b pe*MMe aneiapOHHO-uMicnoTpoHHoro pe30HaHca H3 ncxoAHoro 
yrnepOACOAep)Kau4ero peareHTa, Ha noAno>KKy, BbiHeceHHyK) ms axTMBHOM 30HW nna3Mw, OTnMHaiomMMCJi TeM, mto b KanecrBe McxoAHoro peareHTa 
Mcno/ib3yioT nap w ranoreHCOAep)Kau4MX yrnesoAopoAOB. 

3. Cnoco6 no n.2, OTnMHaioinMitaq TeM, hto b KanecrBe McxoAHoro peareHTa f\na ocawAeHMa ncnonb3y»OT napw AMxnopMeTaHa. 

H3BELUEHHfl K riATEHTY HA M30BPETEHME 



flOKVMeHT 

Koa MSMeHeHMH npaBOBoro craTyca 

flaTa rty6riMKaLiMM 6jonneTeHfl 
HoMep 6»orineTeHn 

flaxa npeKpau4eHHH AeSicTBMfl naTem-a 



B (bopMaTe PDF 

MM4A - AocposHoe npexpameHne AeHCTBHn nareHToa P0> M3-3a HeyanaTbj i 
ycTaHOBJieHHbiM cpoK noiurtMH 3a no/yjepxaHMe naTewTa b cune 

2005.03.10 

200507 

2004.06.06 



PMCYHKM 



PhCYHOK 1 . PHCVHQK 2 



3 of 3 



14.11.2007 21:02 




Ohi\ 1. 




Jlmma Bomi (mkm) 
2,5 3 4 



1,0 



0.8- 



10 



' i t t i » i i i | | I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 I l i ■ i » . t t j_ 



o> 0,6 
x 

CTJ 



0,2- 



0,0 



OH 



a) TranraHaa Alill 

6) IIoKpbiTHe H3 

3UP pa3p^a b CHjClj 



a) 



CO 



CH 2 



i i i i i I i i i — i — i i i i i — | i i i i i i — i — i — i — | i t — r— r r 



5000 



4000 



3000 



2000 



1000 



BojmoBoe hhcjio (cm" 1 ) 



<X>hi\ 2. 



(19)RU(1 1)2099283(13)C1 
(51)6 C01B31/06, C23C16/26 



FEDERAL SERVICE FOR INTELLECTUAL PROPERTY, PATENTS AND TRADEMARKS 
(12) PATENT DISCLOSURE 
Status: terminated, as of 13.11.2007 

(21) Application: 961 10601/25 

(22) Application Date: 1996.06.05 
(45) Published on: 1997.12.20 

(56) List of documents referred to in the search report: 1. US Patent 4935303, cl. B 32 B 9/00, 

19990. 2. US Patent 5427827, cl. B 05 D 3/06, 1995. 

(71) Applicant(s): Closed Joint-Stock Society "Tekhno-TM" 

(73) Patent owner(s): Closed Joint-Stock Society 'Tekhno-TM" 

(54) COATING BASED ON A DIAMOND-LIKE MATERIAL AND THE PROCESS OF 
ITS MANUFACTURE 

Appliance: manufacture of materials for micro- and optoelectronics. Nature of invention: a 
substrate is placed in a microwave chamber with an ECR discharge. The chamber is evacuated to 
a pressure of 2x1 0" 3 Pa, and methylene chloride or another halogen-containing hydrocarbon is 
fed in. A microwave discharge is ignited. The substrate is removed from the ECR area. The 
coating on the basis of a diamond-like material with an amorphous structure is characterized by 
the following specifications: peaks in the Raman spectrum at 1317 cm' 1 and 1570 cm" 1 with the 
density ratio corresponding to the presence of at least 45% of SP 3 -hybridized carbon 
characteristic of the diamond phase, density of not less than 2900 kg/m 3 , no transmission in the 
visible spectrum and transparency in the wavelength range from 2 to 25 \im. 

PATENT DISCLOSURE 

The proposed invention relates to carbonaceous diamond-like coatings and the processes of their 
manufacture from the highly rarefied plasma of the microwave discharge in the regime of 
electron-cyclotron resonance (ECR). It can be used in various fields of microelectronics and 
optoelectronics. 

Diamond-like films (DLFs) which frequently contains diamond-phase inclusions have currently 
widespread application in practice, primarily due to their mechanical properties and optical 
characteristics: hardness, wear resistance, a low friction factor compared with the majority of 
construction materials, high heat conduction, low absorption in the visible spectrum, and a low 
refraction factor. In different variants of practical DLF application, they act as either a medium 
used to realize the necessary structural elements and devices of micro- and optoelectronics, or as 
multipurpose coatings, specifically, protective, heat-removing, and decorative ones, etc. 
Application of DLFs in microelectronics and optoelectronics imposes special requirements to 
their electrophysical properties and optical-electrical parameters, namely, electron emission, 
optical properties, luminescence, electroconductivity, and the band gap. The crucial importance 
for the formation of structures on the basis of diamond-like films is the degree of their 
conformity (which ensures exact replication of the substrate topography) and the possibility to 
control the main operating parameters of the material without using other materials (alloying, 
metallization, etc.) and sophisticated technological processes (such as ion implantation, 
molecular epitaxy, vacuum deposition, etc.). Another, and not less important area of DLF 
application is their use as protective coatings in optical devices operating in various ranges of 



electromagnetic radiation, which imposes specific requirements on the optical parameters of the 
material in the operating spectrum range, specifically, e.g., in the infrared (IR) range. 

Numerous known types of DLFs having different quality and composition [1-3] differ widely in 
their physical properties depending on the used variant of carbon deposition on a solid substrate. 
Characteristic properties of such films are densities ranging from 1500 to 2800 kg/m 3 , the 
absence of a pronounced crystal structure (far-order structure) in the material, weak photo- and 
cathode luminescence, as well as non-conformity resulting in smoothing of the substrate 
topography. 

The coating which is closest to the proposed one is the coating based on the diamond-like 
material with an amorphous structure, which contains diamond-phase inclusions and not more 
than 20 atomic weight of hydrogen, which is obtained by the method of the gas-phase plasma 
chemical deposition from the microwave discharge in the ECR regime [4]. Disadvantages of this 
coating are that while the coating material is relatively transparent in the visible spectrum, its 
absorption in the IR range is rather significant due to an admixture of hydrogen. 

The properties and the quality of the obtained films are crucially dependent on the conditions of 
their manufacture, therefore the selection of the manufacture method is an integral part of 
creating coatings with prescribed physical properties. 

There are known ways of depositing DLFs from the plasma of various electric discharges, 
including from the microwave discharge plasma in the ECR regime [5-7]. These processes are 
characterized by the substrate's positioning in the active area of the discharge (the ECR area), by 
feeding of the electric bias to the substrate, and by the operating pressures ranging from 1 to 
2000 Pa, as well as a high temperature of the substrate (from 300°C to 700°C). This narrows the 
range of the materials used as the base for coating. These limitations are associated primarily 
with the thermal instability of many materials in the aforesaid temperature range, and with the 
direct action of the non-equilibrium plasma in the active discharge area on the substrate surface 
and the formed coating. 

The method closest to the proposed one is the process of depositing diamond-like carbon from 
the plasma of the microwave discharge in the ECR regime [8], during which the substrate is 
removed from the active-plasma zone. This eliminates the most significant drawback of most of 
the methods used to produce DLF, but requires additional energy fed to the substrate in the form 
of high-frequency voltage. The plasma is produced in the area where the conditions of the 
electron-cyclotron resonance are fiilfilled by means of the interaction of the microwaves with the 
molecules of the initial plasma-supporting gaseous hydrogen introduced directly to the active 
area (the ECR area). The carbon-containing component is injected into the area of the beam of 
atoms, ions, and electrons, which was formed previously during the passage through the ECR 
area. Due to secondary processes of dissociation and ionization, the carbon-containing molecules 
disintegrate and become ionized, thus enriching the beam of active particles with carbon, which 
forms the DLF as it lands on the substrate. The method of formation of the plasma flow using 
this method requires the use of hydrogen. Gaseous hydrocarbons, specifically, methane, propane, 
and acetylene, are used as the carbon-containing component of the initial gas mixture, so the 
carbonaceous material of the coating turns out to be hydrogenized significantly (up to 20% of 
hydrogen). In this case hydrogen is not a carbon admixture, but contrariwise, and the main 
material of the coating is a chemical combination of carbon and hydrogen with variable 
composition. 

The aforesaid gives grounds to conclude that the known DLFs do not satisfy the requirements 
imposed by microelectronics and optoelectronics completely, and the known deposition methods 
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do not make it possible to produce coatings based on diamond-like materials, which contain no 
hydrogen, at low temperature values. 

This invention solves the task of producing such a coating on the basis of a diamond-like 
material with an amorphous structure, which has high hardness and density that are characteristic 
of DLFs, and is transparent in the ER range and opaque in the visible spectrum. 

This is achieved by that the proposed coating is based on a diamond-like material with an 
amorphous structure containing inclusions of the diamond phase, in which the diamond-like 
material is pure carbon, i.e., individual elementary substance. The proposed coating high 
hardness and density, is almost opaque for the visible light and does not show significant 
absorption in the IR range, specifically, in the wavelength range from 2 to 25 micrometers. 

Another aspect of the invention is the method of producing a coating based on a diamond-like 
material, which includes plasma-chemical deposition of carbon on a substrate from a flow of 
carbon-containing active particles (radicals, atoms, and ions) produced from initial carbon- 
containing reagents by using a microwave discharge in the electron-cyclotron regime. Here, the 
substrate is removed from the active-plasma zone and the deposition is performed using a pair of 
pure hydrocarbons whose molecules contain atoms of chemical elements with high electro 
negativity (oxygen, chlorine, etc.) as the initial reagent. 

The essence of invention is as follows. 

The method is based on deposition of a carbon film on a substrate from the plasma of an ECR 
microwave discharge by means of plasma decomposition of the vapors of hydrocarbons 
containing carbon, hydrogen, and electronegative components under pressures in the operating 
chamber, which do not exceed 1 Pa. The substrate is situated out of the ECR area. The 
microwave beam density ranges from 2 to 50 kW/m (from 0.2 to 5 W/cm , in conventional 
units). The ECR regime is achieved in the microwave plasma having a frequency of 2.45 GHz at 
those points where the magnetic inductance is 875 Gs, and the frequency of electron circulation 
around the magnetic field lines coincides with the frequency of the microwaves, due to which the 
electrons start accelerating to suprathermal energies. These are the conditions for the uprise of 
the electron-cyclotron resonance. The required configuration of the magnetic field is achieved by 
placing the microwave waveguide (which is the plasma generator, at the same time) within a 
specially calculated solenoid. The position of the area, for which the condition of the ECR uprise 
is fulfilled, is determined by the parameters of the solenoid and controlled by direct 
measurements of the magnetic inductance when the process chamber is set up. Efficient 
initiation of the microwave discharge requires that the ECR area should coincide with the 
antinode of a standing electromagnetic wave. Positioning of the substrate in the ECR area 
changes the conditions of the burning of the discharge. Moreover, an active-plasma zone with a 
high-energy electron component arises in the ECR area. The interaction of this zone with the 
substrate surface reduces the rate of growth of the diamond film and changes its properties 
drastically. Therefore, the substrate is removed from the ECR area. 

This spatial segregation of the area of plasma formation (excitation, decomposition, and 
ionization of the gas) and the area of coating formation eliminates the direct effect of the high- 
energy electron component on the surfaces of the substrate and the formed coating and protects 
the substrate against intense electromagnetic waves (due to the discharge area's screening the 
substrate). Increasing the distance between the substrate and the ECR area results in leveling of 
the radial gradients of the flow by the moment of interaction of active particles with the substrate 
surface and a decrease in the substrate temperature in the process of film deposition. However, in 
this case, the film growth rate decreases due to the relaxation of active particles both on the walls 
of the reactor and due to mutual collisions before the particles reach the substrate surface. The 



presence of the components containing atoms of active metalloids (chemical elements with high 
electronegativity) in the initial reagents leads to a sharp decrease in the density of free electrons, 
which encourages the deposition of a high-quality conformal carbon film. The distance from the 
ECR area, at which the substrate should be situated to obtain the prescribed regime of carbon 
deposition, depends on the linear velocity of the active-particle flow and the kinetic of the 
relaxation processes. To determine this distance in the general case, one has to solve a 
complicated kinetic problem taking into account the processes of reagent diffusion in the radial 
direction, recombination of active particles in the volume, and forced mass transfer in the 
directed flow of active particles from the ECR area towards the substrate. It is important 
however, that the decrease in the film growth rate is accompanied by an increase in the 
uniformity of its deposition and in the film's conformity. Direct experiments showed that for low 
pressures (0.01-1 Pa), the distance between the substrate and the ECR area can reach tens of 
centimeters, and the film, nevertheless, grows at a noticeable rate. 

The above-described method of producing a flow of active particles makes it possible to use 
pairs of different hydrocarbons as the initial reagent. In order to avoid hydrogenization of the 
material of the carbon coating, one has to ensure the presence of atoms of chemical elements 
with high electronegativity in the plasma, which are capable of binding hydrogen chemically. To 
solve this problem, we used various chlorated hydrocarbons. It was found that by using (formula: 
CH2CI2) it is possible to obtain a diamond-like carbon material which does not contain hydrogen. 

The coatings obtained by the described method were studied by the methods of Raman 
spectroscopy and IR spectroscopy using the Fourier method (Fourier-IR-spectroscopy). 

Figure 1 shows the Raman spectrum of the coating obtained by the described methodology under 
a pressure of 0.3 Pa from the plasma of dichloromethane. The spectrum contains the band at 
1570 cm' 1 , which is characteristic of DLFs, but also is a peak at 1317 cm" 1 . It is known that pure 
diamond is characterized by the Raman scattering peak at 1332 cm" 1 , while the oriented graphite 
(G-graphite) gives the band at 1380 cm" 1 . These data confirm qualitatively the presence of the 
sp 3 -hybridized carbon (which is characteristic of the diamond phase) in the produced material of 
the carbon coating. It is not altogether correct to estimate the ratio of the quantities of the 
"diamond" and "non-diamond" carbon based on the Raman spectra of DLF and the ratio of the 
peaks at 1317 and 1570 cm" 1 , as it is done frequently in the literature, due to physical reasons of 
the debating nature, which cannot be discussed here in full detail. The ratio yielded by the data in 
Fig. 1 shows that the percentage content of the sp 3 -hybridized carbon in the coating material is 
not less than 45%. However, this ratio is not an unambiguous indicator of the diamond phase 
concentration, since it is impossible to find its precise value using this methodology. 

The content of the produced carbon coating was monitored by the Fourier-IR-spectroscopy 
method. The corresponding spectra are shown in Fig. 2. The section of the spectrum is shown, in 
which the absorption bands of the main functional groups contained in the material of the carbon 
coating are situated. The data show that the coatings obtained from dichloromethane, unlike 
typical DLFs, do not contain the functional groups CH2, CO, and OH, which results in the 
absence of noticeable absorption in the range from 2 to 25 fam, which is used conventionally to 
detect IR radiation. The transmission in the visible spectrum is almost absent, therefore the 
produced coating can be called conditionally "black". Gravimetric measurements showed that 
the density of the diamond material of the produced coating is about 2900 kg/m 3 (graphite has a 
density of 2150 kg/m 3 , and diamond, 3300 kg/m 3 ). Measuring the hardness of carbon coatings is 
complicated by the fact that they insufficient adhesion to most construction materials. We used 
special methods of adhesion improvement, which lie beyond the scope of this description, and 
managed to obtain the data about hardness parameters of the deposited coatings subjected to 
mechanical loading. This method makes it possible to estimate the lower boundary of the 
hardness of the coating material, which is determined by the mechanical hardness of the 



substrate. The data obtained for the coatings on hard-alloy materials show that the hardness of 
the coating based on the diamond-like material obtained by the above-described method from the 
microwave discharge in the ECR regime exceeds 25 GPa. 

The invention was tested experimentally by depositing a diamond-like carbon coating on a 
silicon substrate by means of a plasmo-chemical microwave setup with an ECR discharge [8]. 

The substrate was fixed on a movable substrate holder, which ensured axial motions of the 
substrate within the technological volume of the setup. The setup was made airtight and 
evacuated to a pressure of 2x1 0" 3 Pa. The operating gas (dichloromethane vapors) was fed into 
the system at such a rate as to ensure a pressure of 0.3 Pa at a constant pumping rate. This 
created the conditions for organization of a directed flow of particles through the ECR area to the 
substrate and further, to the evacuating system. Then, the microwave discharge was ignited. By 
moving the substrate holder, the substrate was positioned at the chosen distance. The film growth 
rate achieved by varying the experimental conditions at a distance of 65 mm between the ECR 
area and the substrate was 6 jxm/h in conventional units (against 1-2 |jm/h for known similar 
methods). 

The obtained coating based on a diamond-like material was subjected to chemical analysis. The 
Fourier-IR-spectroscopy method showed that the coating material contains almost no hydrogen, 
nor oxygen thus being a chemically individual elementary substance, specifically, pure carbon. 
The film is transparent in the IR range of electromagnetic radiation from 2 to 25 jim, and there 
are no absorption bands characteristic of the admixtures of hydrogen or oxygen. 
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FORMULA OF INVENTION 

1. Coating based on a diamond-like material with an amorphous structure, which contains 
inclusions of the diamond phase and differs in that it is characterized by the peaks at 



1317 cm' 1 and 1570 cm" 1 in the Raman spectrum with the ratio of intensities 
corresponding to the presence of at least 45% of sp 3 -hybridized carbon characteristic of 
the diamond phase, a density of not less than 2900 kg/m\ and the absence of 
transmission in the visible spectrum and transparence in the wavelength range from 2 to 
25 \im. 

2. Method of producing a coating on the basis of a diamond-like material, which includes 
plasma-chemical deposition of carbon from a flow of carbon-containing active particles 
formed in the microwave discharge plasma in the regime of electron-cyclotron resonance 
from the initial carbon-containing reagent on a substrate removed from the active plasma 
area and differs in that pairs of carbon-containing halogens are used a s the initial 
reagent. 

3. Method following Par. 2, which differs in that vapors of dichloromethane are used as the 
initial reagent for the deposition. 
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